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COLLATION OF FLUCTUATING B U F m  PRESSURES 

FOR THE MERCURY/ATLAS AND 

0 

l 

e 

APOLLO/SATURN CONFIGURATIONS 

By J. D. Shelton 

SUMMARY 

This  r epor t  p resents  a c o l l a t i o n  of the r o o t  mean square f l u c t u a t i n g  
buf fe t  pressures  for t h e  Mercury/Atlas and Apollo/Saturn configurat ions.  
Corre la t ion  of  the  da t a  with Mach Number, streamwise loca t ion ,  and angle of 
a t t a c k  i s  es tab l i shed .  The r e s u l t s  of t h e  study ind ica t e  t h a t  the  eventual  
desc r ip t ion  of  a simple and r e a l i s t i c  design c r i t e r i a  i s  poss ib le  
fo r  a r r i v i n g  a t  such a c r i t e r i a  i s  proposed. 

a d t h o d  

INTRODUCTION 

One of the  f a c t o r s  a f f e c t i n g  the  s t r u c t u r a l  design of a vehic le  i s  t h e  
f l u c t u a t i n g  bu f fe t  pressures .  Logically, the  de f in i t i on  of  a l l  s t r u c t u r a l  
design loads i s  divided i n t o  th ree  d i s t i n c t  p a r t s .  

1. Description of  t h e  input  exc i t a t ion  t o  the  vehic le .  

2. Description of t he  vehic le  t r ans fe r  funct ion r e l a t i n g  the  output  
t o  the  input .  

3. Descr ipt ion of  the  output response of the  vehicle .  

Normally, c r i t e r i a  a r e  ava i l ab le  for  def in ing  the  l e v e l  of the input  
f o r  s t r u c t u r a l  design loads. Currently,  however, no such c r i t e r i a  e x i s t  f o r  
bu f fe t ing  flows loads.  
and expensive wind tunnel  model t e s t i n g  i n  order  t o  ensure adequate s t r u c t u r a l  
i n t e g r i t y  f o r  the  vehicle .  
func t ions  i s  described i n  d e t a i l  i n  Reference (1). 
employ t h e  method of ana lys i s  described i n  Reference (l), it i s  f i r s t  necessary 
t o  have a realist ic desc r ip t ion  of t he  input e x c i t a t i o n .  
des i r ed  t o  d e f i n e  the  input  exc i t a t ion  without the  need of r e so r t ing  t o  wind 
tunnel  tes ts .  

As a r e s u l t ,  the  designer  must r e l y  upon p a s t  experience 

A method f o r  def in ing  the  vehic les '  t r a n s f e r  
In  order  t o  e f f e c t i v e l y  

Ultimately it i s  

The purpose of t h i s  paper can be s t a t e d  as  follows: 

1. Corre la te  the  rms f luc tua t ing  b u f f e t  pressures  with Mach Number, 
streamwise loca t ion ,  and angle of a t tack .  

2.  Define o ther  parameters which might offer a poss ib le  co r re l a t ion  to  
t h e  buf fe t ing  pressures .  

3. Propose a method which would lead t o  the  eventual  descr ip t ion  of 
shp le  and r e a l i s t i c  design c r i t e r i a .  

iii 



SYMBOLS 

cy 

d 

f 

LD 

M 

SPL 

a 

T 

UC 

V 

Angle of attack 

Diameter 

Derivative of quantity in parenthesis 

Root mean square pressure divided by free stream dynamic 
pressure 

Frequency (cps ) 

Exponential decay function 

Mach Number 

Number of data points in band "i" 

Total number of data points in a sample 

Cumulative probability distribution of ACprms 

Frequency (rad/sec. ) 

Power spectral density 

Probability density of ACprms 

Probability distribution of ACprms 

Reference pressure 

Root mean square pressure 

Free stream dynamic pressure 

Strouhal number (Ua/V) 

Sound pressure level (decibels ) 

Root mean square value of a statistical sample 

Transducer 

Convection velocity 

Free stream velocity 

Distance in the streamwise direction 
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GENERAL DISCUSSION 

Module/Missile configurations are characterized by conical and cylindrical 
shapes. 
Apollo/Saturn shown in Figure 1. The overall vehicle responds dynamically in 
the bending modes -- the mode shapes and frequencies being dependent upon the 
distribution of mass and stiffness, and, to a lesser extent, the damping. 
These modes are of primary concern for flutter analysis, gust analysis, 
transient maneuvers, etc.; and, in general, are centered in the lower end of 
the frequency spectrum. For the buffet and flows analysis the excitation and 
response are concerned with the modes associated with the local structure; 
e.g., the panels on the module or adapter. In general, these modal frequencies 
are in the central frequency spectrum; above this is the sonic excitation in 
the high frequency range. 

Typical of the configurations are those of the Mercury/Atlas and 

For design purposes consideration must be given not only to each type of 
loading, but also, to the superposition of the various loadings; e.g., while 
the vehicle is maneuvering it could simultaneously encounter buffeting and 
atmospheric turbulence. Compared to the buffet analysis, methods for defining 
the excitation and response for most types of loadings are well defined. 
While buffet has been of some concern for design in the past, a method for 
realistically predicting the buffet loading in the early stages of design has 
become a necessity only recently. To this end numerous programs have been 
initiated to remedy the situation. 

Currently, the method of analysis includes wind tunnel tests for a model 
of the configuration being studied. Pressure transducers are mounted on the 
model and time histories of the fluctuating pressure are measured. These time 
histories are then reduced to power spectral form where the spectral shapes 
and root mean square fluctuating pressures are defined. Similarly, the power 
spectral cross-correlation functions between the various transducer locations 
are defined. These then serve as the input excitation to the mathematical 
model representation of the elastic structure from which the root mean square 
structural output response may be defined. A representation for the descrip- 
tion of the mathematical model of the elastic structure is given in Reference 
(1). 
from wind tunnel tests. 

0 

The description of the input excitation, however, must still be obtained 

The aerodynamics of the input excitation have received considerable 
attention in the past few years. 
marily three types of buffet -- boundary layer buffet, wake buffet, and buffet 
resulting from local characteristics such as an oscillating shock wave or 
detachment and re-attachment of the boundary layer. 
structure all three types can be acting simultaneously; and, in addition, each 
type of buffet can be the result of a combination of buffets generated at 
several different sources. From the studies of Coe for a flat plate in low 
speed subsonic flow it was determined that the boundary layer buffet dies out 
in a distance of 2-6 boundary layer thicknesses in the streamwise direction. 
This decay was well approximated by an exponential function. It was further 
determined that the convection velocity (Uc), i.e., the velocity at which 
the buffet flow travels up or downstream, is a function of the buffet flow 
frequency, and, to a lesser extent, the distance from the buffeting source. 

It has been established that there are pri- 

At any one point on the 



It l ikewise  appears reasonable t o  assume, a t  l e a s t  q u a l i t a t i v e l y ,  t h a t  
similar p rope r t i e s  would e x i s t  f o r  o ther  types of  b u f f e t  and a t  o the r  Mach 
Numbers. 
(Reference ( 2 ) ) .  I n t u i t i v e l y ,  it i s  apparent t h a t  t h e  random time h i s t o r y  
o f  pressure  a t  a p a r t i c u l a r  l oca t ion  on t h e  body i s  the  r e s u l t  of one o r  more 
random time h i s t o r i e s  generated a t  severa l  d i f f e r e n t  sources; e.g. ,  the  combina- 
t i o n  of  the  buf fe t ing  flows from the  launch tower, boundary l a y e r ,  l o c a l  pro- 
turburences,  o s c i l l a t i n g  shock waves, e t c .  
t h e  makeup of t he  buf fe t ing  flow i s  a complex aerodynamic phenomenon. 

a Such p rope r t i e s ,  i n  f a c t ,  have been v e r i f i e d  by o the r  s tud ie s  

It i s  thus  r e a d i l y  apparent t h a t  

ANALYSIS OF FLUCTUATING BUFFE2 PRESSURE DmA 

The f l u c t u a t i n g  b u f f e t  p ressure  data u t i l i z e d  he re in  were obtained from 
t h e  s c a l e  model wind tunnel  tests of the Mercury/Atlas and Apollo/Saturn 
conf igura t ions .  The four  configurat ions considered a r e  i d e n t i f i e d  a s  fol lotrs :  

1. - MA-1: Mercury/Atlas e x i t  configurat ion.  (Launch tower o f f )  

2. - MA-2: Mercury/Atlas escape configurat ion.  (Launch tower on)  

3. Apollo C: Apollo/Saturn configuration without drag washer. 

4. Apollo D: Apollo/Saturn configurat ion with drag washer. 

The b a s i c  Mercury/P.tlas and Apollo/Saturn configurat ions and t h e i r  approximate 
pressure  t ransducer  l oca t ions  a r e  shown i n  Figure 1. 

Root mean square (rms ) f luc tua t ing  b u f f e t  p ressure  coe f f i c i en t s  (ACprms ) 
The 

P l o t s  of sound pressure  l e v e l  (SPL) a s  a 

f o r  the  Mercury/Atlas configurat ions were taken from Reference (3). 
ACprms values  a r e  l i s t e d  i n  Table I for  t he  various t ransducer  loca t ions ,  Mach 
Numbers, and angles of a t t ack .  
func t ion  of transducer loca t ion ,  Mach Number, and angle of  a t t a c k  a re  presented 
i n  Reference (4 )  f o r  the  Apollo/Saturn configurat ions.  
ve r t ed  t o  ACprms form i n  the  following manner. 

SPL values were con- 

- 2  

2 
Pr  

SPL = 10 log10 prms 

where, Pr  i s  the  wind tunnel  reference pressure  l e v e l .  
Thus, 

(Pr = 4.24 x 10-7 p s f )  

and f inal ly ,  

2 



TABLE I 

MERCURY/ATLAS FLUCTUATING BUFFET 

PRESSU€B COIEFFICIEfJTS 

Transducer 2 
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.90 .026 
1.00 .027 +[ 1.20 .032 
1.40 .033 

+6 1.55 .041 
+3 .90 .026 

1.00 .027 
1.20 .028 
1.40 .026 
1.55 .044 

+3 1.63 .039 
0 .90 .126 

1 .oo .025 
1.20 .025 
1.40 .025 
1.55 .042 

0 1.63 .036 
-3 .90 .045 

1.00 .027 
1.20 .021 
1.40 .023 
1.55 .042 

-3 1.63 .036 
-6 .90 .068 
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- 
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- 
- - - 
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.032 
.051 
.048 
.048 
.051 
.044 
.042 
.069 
.064 
.065 
.069 
.036 
.036 
.088 

,017 
.046 
.046 
.a67 
.047 
.028 
.025 
.067 
.064 
.062 
.063 
.026 
,028 
.091 

I 

.065 

.049 

.051 

.046 

- .90 
.95 

1 .oo 
1.20 

- 
- 
- 

j .049 

- 
.039 
.039 
.039 
.039 
.031 
.029 
.039 
.037 
.033 
.029 
.026 
.023 
.034 
.032 
.031 
.026 

.025 

.036 

.039 

.035 

.029 

.028 

.051 

.048 

.048 
,046 
.033 
.033 
.035 

.034 

.033 

.029 

.033 

.029 

.030 

.027 

.029 

.028 

.033 

.024 

.026 

.025 

.024 

.025 

.033 

.024 

.025 

.025 

.024 

.026 

.033 

-- 

.025 
-- 

- 
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.011 

.012 

.013 

.016 

.009 

.012 

.013 

.015 

.010 

.010 

.006 

.013 

.012 

.016 
,009 
.011 
.007 
.011 
,012 
.014 
,007 
.010 
.006 
,012 
,012 
.017 
.007 
.013 
.014 
.008 
,009 
.017 
.013 
.005 

9 
492 

.048 

.044 

.025 

.020 

8 
472 

.051 

.052 

.035 

.029 

13 
354 

.034 

.lo5 

.095 

.082 
,060 
.097 
.086 
.076 
.087 
.072 
.059 
.076 
.065 
.054 
.046 
.038 
.035 
.067 
.058 
.037 
.035 
.037 
,039 
.088 
.067 
.031 
.039 
.037 
.043 
.042 
.039 
.038 
.048 
.040 
,040 
.040 
.037 
,034 
.045 
.032 
.038 
.040 
.036 
.036 
.040 
.027 
.034 
.034 
.034 
.034 
.028 
.022 
.031 
.032 
.034 
.027 
.026 
.018 - 
3 

11 
560 
.033 
.036 
.018 
.015 
.016 
.044 
.045 
.020 
.016 
.018 
.016 
.061 
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.016 
.015 
,015 
.015 
,066 
.056 
,014 
.014 
.014 
.015 
.048 
.049 
.014 
.014 
.014 
.023 
.027 
,030 
.033 
,019 
.018 

-- 

- 
MI 

.062 
.034 

%-I-+%- 
.056 
.035 
.032 
.032 

,058 
,026 
.039 
.030 

.114 

.139 
.072 
.034 
.030 
.023 
.018 
.073 
.064 
.027 
.026 
.022 
.019 
.055 
.049 
.030 
.026 
.023 
.059 
.048 
.049 
.047 
.041 
.032 
.082 
.066 
.069 
.073 
,033 
.029 
.lo6 
.083 
.093 
.085 
.030 
.026 
.075 
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.064 
.068 
.025 
.022 
.050 
.045 
.042 
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.022 - 
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.034 .019 

%--I%- 
,062 
.031 
,031 
,032 

,074 
.028 
,016 
.017 
.017 
.079 
.071 
.032 
.016 

.099 

.123 

.117 

.093 

.098 

.123 

.120 

.123 
.072 
.075 
.083 
,085 
.095 
.131 
,110 
.114 
.122 
.128 
.110 
.139 
.125 
.138 
,130 
.134 
.134 
.163 
.072 
.089 
.085 
.087 
.lo1 
.127 
.045 
.052 
.055 
.051 
,080 
.110 

/ 

.031 

.056 

.060 

.035 

.029 
MA- 1 
MA-2 

- +6 I 1.40 I 
+3 I .80 1 1 .051 - ,037 

.039 

.043 
,043 
.017 
,018 
.053 
.057 
.060 
.053 
.014 
.015 
.061 
.063 
.064 
.055 
.013 
.013 
.037 
.045 
.049 
.047 
.011 
.013 

.025 

.008 

.008 

.023 

.013 

.005 

.041 

.008 

.008 
,032 
.012 
.005 
.050 
.008 
.008 
.034 
.012 
.005 
.041 
.008 
.007 
.030 
.011 
.005 

.081 

.077 

.076 

.033 

.081 

.076 

.079 

.025 

.064 

.060 

.062 

.031 

.075 

.070 

.071 

.022 

+-I-+- 
.064 
.067 
.059 
.021 
.014 - 

.044 

.046 

.046 

.031 

.031 MA-2 - 
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604 
.024 
.026 
.012 
.016 

- 
16 17 
407 427 
.115 .032 
.loo .043 
.077 .077 
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.042 .040 
.091 .061 
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.074 
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.031 
.024 
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.074 
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.004 
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.016 

.014 

.028 
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.014 

.014 

.011 

.059 

.043 

.031 

.042 
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.OM 

.018 

.016 

.003 

.013 

.047 

.048 

.018 

.016 

.005 

.014 

.034 

.034 

.016 

.012 

.013 

.044 

.050 

.056 

.056 

.016 
,015 
.046 
.053 
.056 
.053 
.019 

.032 

.014 

.014 

.011 

.012 

.028 

.028 

.014 

.012 

.012 

.012 

.022 

.M4 

.013 

.010 

.009 

.019 

.019 

.020 

.021 

.013 
,019 
.021 
.023 
.023 
.024 
.015 

.061 

.022 

.018 

.023 

.085 

.029 

.024 

.026 

.037 
,029 
,026 
,039 

.043 .062 

.064 .036 

.064 .027 

.067 .027 

.061 

.022 

.018 

.025 

.079 

.037 

.030 

.032 

.034 

.023 

.022 

.031 

.081 

.081 

.078 

.078 

.091 

.W8 

.065 

.064 

.062 

.055 

.077 

.033 .055 

.044 .037 

.046 ,021 

.051 .023 

.034 .050 

.038 .047 

.043 .045 

.039 .043 

.051 .017 

.039 .023 

.041 .052 

.045 .047 

.044 .045 

.042 ,046 

.057 .021 

.M1 

.023 

.018 

.023 

.069 

.061 

.060 

.056 

.025 

.026 

.091 

.078 

.073 

.071 

.024 

.024 

.074 

.070 
,069 
.071 
.029 

.079 

. 040 

.035 

.035 

.093 

.091 

.087 

.087 

.031 

.024 

.104 

.098 

.095 

.093 

.033 

.024 

.112 

.104 

.097 

.loo 

.039 

.059 

.057 

.055 

.055 

.045 .047 

.043 .045 
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.os1 .022 
.076 
.052 
.061 
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.049 
.043 
.049 
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.041 
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.077 
.079 
.036 
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.036 
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.026 
.023 
.088 
.092 
.034 
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.077 
.071 
.025 
.023 
.019 
.074 
.075 
.073 
.068 
.050 
.026 
.062 
.062 
.062 
.060 
.027 
.023 
.072 
,075 
.071 
.072 
.022 
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.076 
.078 
.075 
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.024 
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.059 
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.018 
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.076 
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.065 
.064 
.075 
.051 
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.040 
.058 
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.035 
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.014 
.010 
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.123 
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.018 .031 
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.032 
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.084 I .083 
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.074 .006 
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.071 

.063 

.065 
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.052 

.056 

.056 

.049 

.OM 
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.046 

.049 

.049 

.042 

.040 

.lo4 

.044 

.040 

.042 

.040 

-- 

- 

.068 

.067 

.062 
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.008 
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.116 
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.112 
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.024 

.005 

.008 
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.093 

.035 

.022 
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,081 
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.027 

.028 

.015 

.015 
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.022 

.M1 
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.029 
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.043 
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.043 
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.056 

.059 
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.074 
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.013 
.012 - 
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The resulting ACprms values for the Apollo/Saturn configurations are tabu- 
lated In Table 11. 

The variation of ACprms with Mach Number is shown in Figures 2 through 5. 
In general, ACprms tends to decrease with increasing M; however, it is noted 
that for some transducer locations hCprms increases with M while for others it 
is relatively insensitive to M. Figures 2 and 3, for the Mercury/Atlas con- 
figurations, show that the maximum values of AC!prms occur in the vicinity of 
corners -- notably at transducer 6. 
seen that the launch tower has no appreciable effect on the maximum levels of 
aCprms, however, the launch tower does tend to increase the general levels of 
aCprms for transonic Mach Numbers. 
configurations, again show that the maximum values of ACprms occur in the 
vicinity of a corner -- transducer 2, 3, and 9. The values at .7M are 
unusually high -- this could be associated with subsonic flow characteristics. 
(If additional data were available in the range of M = .6 - .8 the results 
could be justified.) Comparison of Figures 4 and 5 show that the ACprms values 
for the Apollo D configuration are somewhat higher than those for the Apollo C. 
The difference is more pronounced for transonic Mach Numbers and is directly 
attributed to the presence of the drag washer on the Apollo D configuration. 

In comparing the MA-1 and MA-2 data it is 

Figures 4 and 5, for the Apollo/Saturn 

To establish a correlation of &pmS with streamwise location the ACprms 
values were first normalized t o  one particular transducer location. For the 
MA-2 configuration, at zero degrees angle of attack, the ACprms values for a 
particular Mach Number were divided by the ACPrms value at transducer 6. 
The resulting normalized coefficients are plotted in Figure 6 as a function of 
streamwise location for the various Mach Numbers. 
effects of Mach Number are small, whereas aft of station 450 the data separates 
into a transonic group and a supersonic group. 
to the "lower surface" there is little or no correlation -- this is at least 
partially explained by the antisymmetric shape of the Mercury capsule in the 
axial direction. For the Apollo D configuration, at zero degrees angle of 
attack, the ACprms values for a particular Mach Number were divided by 1.15 
times the value at transducer 2 to arrive at a normalized value of 1.0. The 
resulting normalized coefficients are plotted in Figure 7 as a function of 
streamwise location for the various Mach Numbers. The curves for transonic 
Mach Numbers are insensitive to M forward of station 1770. Aft of station 1770, 
for M 2 1, the curves are likewise insensitive to M; however, for M < 1 Mach 
Number does have an effect. The curves for supersonic Mach Numbers have a 
definite relationship to M. 
ACPrms is more rapid for increasing M. 
sharp "drop" in ACprms. 
ACprms could be related to the static pressure distribution. 
drop in ACprms there is then a well defined decay with increasing streamwise 
distance. 
Apollo data were re-normalized to the value at transducer 3. These data are 
shown in Figure 8 in which x is measured positive aft of transducer 3. 
Ehpirical curves enveloping the data are shown on the figures. The empirical 
curves have an exponential decay from the initial value to a certain steady state 
value suggesting a decaying wake buffet leaving only the steady state boundary 
layer buffet. Subsonically, ACpms decays rather slowly, transonically the 

Forward of station 450 the 

In comparing the "upper surface" 

Forward of station 1770, the rate of increase of 

The drop increases with increasing M suggesting that 
Just aft of station 1770 there is a 

After the initial 

In an attempt to better define the decay of ACprms the preceding 
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0 decay i s  t h e  most rapid,  and supersonically,  t h e  decay rate decreases with 
increasing M. 
lowest f o r  t ransonic  My and then increases  with Mach number f o r  supersonic M. 

The s teady state value of LCPrms is the  highest  f o r  subsonic M, 

The va r i a t ion  of LCPrms with angle of a t t a c k  i s  shown i n  Figures  9 and 10. 
Figure 9 is  f o r  transducer 6 on the  MA-2 configuration. 
are in sens i t i ve  t o  M -- only t h e  l e v e l  is changed. 
w i l l  occur f o r  angles of a t t a c k n e a r  zero degrees. 
Apollo D configuration. 
axial d i r ec t ion ,  it is assumed that transducer 9 would represent  negative 
angles of a t t ack  f o r  t ransducer  3. 
separate  i n t o  subsonic, t ransonic ,  and supersonic groups. 
maximum ACprms values occur f o r  an angle of a t t a c k  between 2 and 4 degrees. 
Supersonically,  the  curves a re  symmetrical about 0 degrees angle of a t t a c k  
where t h e  maximum hCPrms values occur. 

The shape of t h e  curves 
The maximum OCp,,, values 
Figure 10 i s  f o r  the 

Since t h e  Apollo D configurat ion i s  symmetrical i n  t h e  

The shapes of these curves again l o g i c a l l y  
Transonically,  the 

Power spec t r a l  dens i t i e s  of f luc tua t ing  buf fe t  pressures  a t  various t r ans -  
ducer loca t ions  f o r  the  MA-2 configuration a t  M = 1 and cy = +3" are  shown i n  
Figure 11. 
"white noise" spectra .  
t ransducer  loca t ions  f o r  the Apollo C and D configurations a t  M = 1 and cy = 0' 
a r e  shown i n  Figure 12. The maximum SPL f o r  t he  C configuration occurs a t  a 
frequency t h a t  i s  about 20 percent higher than t h a t  f o r  the D configuration. 
For a constant  Strouhal number (S = d / V )  t h i s  i s  i n  accordance w i t h  the  r a t i o  
of drag washer diameter (aw) t o  escape tower base diameter (db); where, 
dw/db = 1.19. 
i n  general ,  higher than those f o r  the C configurat ion.  
configurat ion,  going i n  the streamwise d i r ec t ion  from transducer 2 through 
t ransducers  3, 4, 5 and 8, it can be seen t h a t  the spec t ra  a re  decaying a t  
a more rapid r a t e  f o r  t h e  frequencies below 150 cps. 

I n  general ,  these spec t ra  could be f a i r l y  w e l l  approximated by 
Frequency spectra of sound pressure l eve l s  a t  various 

0 The sound pressure l eve l  spec t ra  f o r  the D configuration a re ,  
For the Apollo D 

A usef'ul and an i l luminat ing in t e rp re t a t ion  of the da ta  i s  obtained by 
t r e a t i n g  a l l  of the da ta  as a l a rge  s t a t i s t i c a l  sample. 
Gaussian d i s t r i b u t i o n  of a quant i ty  the p robab i l i t y  densi ty  i s  defined by: 

For a normal or  

where, 0 i s  the rms value of the s t a t i s t i c a l  sample of ACprms values. 
only pos i t i ve  values of ACpms occur, 

Since 
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The p robab i l i t y  d i s t r i b u t i o n  i s  then defined a s  the  i n t e g r a l  of the  p r o b a b i l i t y  
dens i ty .  Thu.:, 

This equation cannot be in tegra ted  i n  closed form; however, between the  l i m i t s  
of Lero and i n f i n i t y  the  value of the  in t eg ra l  i s  1.0. The Rayleigh p r o b a b i l i t y  
dens i ty ,  which i s  r e l a t ed  t o  the der iva t ive  of  the  normal p robab i l i t y  dens i ty ,  
i s  defined by: 

The p robab i l i t y  t h a t  a c e r t a i n  value ACprms w i l l  not  be exceeded i s  expressed by 

2 

'onversely, t he  p robab i l i t y  of exceeding a c e r t a i n  value OZprms, i .e., t he  
' w m l a  t i re 'I pr  obab i 1 i t y  , i s  

2 
ACprrns 

i n  
i s  

- 
e 

t h e  i n t e r v a l  
then : 

- e  

be tween 

I n  t a b u l a t i n g  the  da t a  the  number of  ACprms values were counted for .01 band- 
widths o f  ACprms, i .e. ,  the number between 0 t o  .01 were counted, between .01 
and .02, .02 and .03, e t c .  The r e su l t i ng  normalized values (T,i/NTm) a r e  
p l o t t e d  i n  Figure 13  f o r  a l l  of the data and separa te ly  f o r  the  Mercury and 
P-pol10 d a t a ,  Superimposed upon the f igure  a r e  curves f o r  the  iiayleigh dens i ty  
f o r  t h r e e  d i f f e r e n t  l e v e l s .  The Rayleigh d e n s i t i e s  were obtained from the  
above equat ion f o r  T ~ / N T ~  and i n  r e a l i t y  should a l s o  be shown a; s t eps ;  however, 
f o r  t he  purpose of c l a r i t y  they a re  shown a; a 5mooth continuous curve. 
Figure 14 show; the  dens i ty  d i s t r ibu t ions  for th ree  d i f f e r e n t  Mach Numbers. 
The "cumulative" p robab i l i t y  d i s t r ibu t ion  ( N (  ACprms)) i s  perhaps a simpler and 
c l e a r e r  way t o  analyLe the  da ta .  Cumulative p robab i l i t y  d i s t r i b u t i o n s  a r e  



p l o t t e d  aga ins t  ACprms i n  Figure 1 5  for a l l  of the  da t a  and sepa ra t e ly  for 
each configurat ion.  

(a) may be defined by t h e  s lope  

For a s i n g l e  02 l e v e l  t h e  curves should p l o t  a s  a s t r a i g h t  
l i n e ,  i .e., -loge N( ACpms ) = 

could be w e l l  approximated by s t r a i g h t  l i n e  curves -- t h i s  i nd ica t e s  

s/’2V2, thus the  rms value of the  da t a  
of the curves. The curves of Figure 1 5  

one o r  more a l e v e l s  i n  t he  data .  From the s lope of the  curves a maximum a 
value of .06 i s  defined. A t  t he  30 l eve l ,  t h i s  gives  a ACprms of .18 which 
i s  i n  good agreement with the  maximum value from the  da t a .  For a ACpms of 
.18 the  maximum peak t o  peak f l u c t u a t i n g  pressure  on the  body would then be 
approximately 0.46 qo t o  1.54 qm. 

I 

This approach t o  analyzing the  da t a  o f f e r s  a v a r i e t y  of p o s s i b i l i t i e s .  
For example, t he  da t a  could be c l a s s i f i e d  by Mach Number, Mach Number range 
(subsonic,  t ransonic ,  and supersonic),  angle of a t tack ,  p r o f i l e  sur face  
shape (see sketch below), or any combination of these.  

, 

X 3 
(For each of the  surfaces  A, B, and C there  would be a d i f f e r e n t  cy l e v e l  f o r  
LCprms. For example, from the  Mercury/Atlas da t a  sur face  A genera l ly  has the  
h ighes t  ACpmS values and surfaces  B and C have somewhat lower values . )  When 
d a t a  i s  gathered f o r  add i t iona l  configurat ions,  it would appear t o  be l o g i c a l  
t o  ass ign  t h e  da t a  t o  general  configuration c l a s s i f i c a t i o n s  such a s  launch 
tower on or  off,  clean, d i r t y ,  e t c .  \,%ilea c r i t e r i a  cannot be defined based 
upon the  r e s u l t s  herein,  the  approach does o f f e r  promise a s  an a i d  i n  eventual ly  
def in ing  a simple r e a l i s t i c  design c r i t e r i a .  
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CONCLUDING REMARKS 

From the  c o l l a t i o n  of the  f luc tua t ing  b u f f e t  p ressure  da t a  the  fol lowing 
c h a r a c t e r i s t i c s  a r e  noted. 

(1) The f l u c t u a t i n g  pressure  l e v e l ,  ACpms, is  r e l a t e d  t o  Mach Number i n  a 
systematic fashion. In  general ,  ACpms is  higher  f o r  t ransonic  Mach 
Numbers than f o r  supersonic Mach Numbers. Above t ransonic  speeds ACPrms 
decreases with increas ing  M. 

(2) The f l u c t u a t i n g  pressure  l e v e l ,  ACpms, i s  a funct ion of streamwise loca-  
t i o n s .  
occurred a t  t he  a f t  end of the  f i r s t  con ica l  s ec t ion  -- transducer 6 for  
the  Mercury/Atlas and t ransducer  2 f o r  the  Apollo/Saturn. 
these  poin ts  the  percentage decrease i n  ACprms increases  with increas ing  
Mach Number f o r  M >1. This suggests a poss ib l e  co r re l a t ion  with the  
s t a t i c  pressure d i s t r i b u t i o n .  For the  Apollo D configurat ion the  ACpms 
values  a f t  of t ransducer  2 e x h i b i t  an exponent ia l  decay i n  the  streamwise 
d i r e c t i o n .  A s imi la r ,  although not a s  w e l l  def ined,  pa t t e rn  i s  ind ica ted  
f o r  t h e  Mercury/Atlas. 

For the  conf igura t ions  s tudied the  maximum ACprms values gene ra l ly  

J u s t  a f t  of 

(3)  "he f l u c t u a t i n g  pressure  l e v e l ,  ACPrms, is  r e l a t e d  t o  angle of a t t ack .  
Generally,  t h e  maximum hcpms values occur for angles of a t t a c k  near  zero  
degrees,  and ACprms i s  not  overly sens i t i ve  t o  angle of a t t ack .  

(4) '1 he Apollo/Saturn i s  a c leaner  configurat ion than the  Mercury/Atlas. 
While the  maximum ACprms values for  the two a r e  not  s i g n i f i c a n t l y  
d i f f e r e n t ,  t he  genera l  l e v e l  of ACprms i s  higher f o r  the  Mercury/Atlas. 
The buffet s t r u c t u r e  fo r  the  Apollo/Saturn i s  of a r e l a t i v e l y  simple 
form-compeedof wake bu f fe t  shed from the  launch escape system and a 
boundary l aye r  bu f fe t .  
i nd ica t e s  t he  inf luence o f  the  launch escape system i n  generat ing a s t rong  
wake bu f fe t .  There i s  an indicat ion t h a t  t h i s  bu f fe t  could be r e l a t e d  
t o  l o c a l  drag c h a r a c t e r i s t i c s  of  the launch escape system. 
pressures  f o r  the  Mercury/Atlas, on the  o the r  hand, a r e  of  an extremely 
complex form and appear t o  be the  r e s u l t  of b u f f e t  generated a t  many 
d i f f e r e n t  sources.  

0 
Comparison of  the  Apollo C and D configurat ions 

The bu f fe t ing  

Collation of the  f l u c t u a t i n g  buffet  p ressures  f o r  a number of a d d i t i o n a l  
conf igura t ions  o f f e r s  promise i n  def ining a prel iminary form of design c r i t e r i a .  
The requi red-da ta  should include the  spec t r a l  d e n s i t i e s ,  c ros s - spec t r a l  d e n s i t i e s ,  
and mean square values f o r  t he  f luc tua t ing  buffet  p ressures  a t  a number of  
l oca t ions  on the  body for Mach Numbers in  the  t ransonic  and supersonic regimes. 
In  t h i s  manner s p e c t r a l  shapes and root  mean square values a t  the  various 
loca t ions  can be empir ica l ly  defined. 
r e l a t i o n  between d i f f e r e n t  loca t ions  can be def ined.  Because of the  r e l a t i v e l y  
l o w  dynamic pressures ,  t he  f l u c t u a t i n g  buffet  p ressures  for  subsonic speeds a r e  
probably of l i t t l e  concern f o r  design purposes. Due t o  atmospheric turbulence,  
t h e  angle  of a t t a c k  during launch cannot be r e a l i s t i c a l l y  pre-defined, and ind i -  
c a t i o n s  are t h a t  i s  i s  of secondary importance; consequently, a t  t he  present ,  
i t  should be disregarded as a parameter; l o g i c a l l y ,  however, i t  should be 
v e r i f i e d  t h a t  angle of  a t t a c k  is  a secondary effect. 
d a t a  a simple and y e t  reasonably r e a l i s t i c  empir ica l  design c r i t e r i a  could 
be def ined .  This c r i t e r i a  would involve: 

Similar ly ,  the  time (or  frequency) cor- 

From the  c o l l a t i o n  o f  

0 
10 
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(1) Define the  magnitude and loca t ion  of t h e  maximum ACprms value on the  body 
ai: a funct ion of Mach Number and geometry. 

(2 )  Relate streamwise and circumferent ia l  p ressures  t o  t h i s  reference value by 
means of the  p e r t i n e n t  parameters including the  appropriate  decay func t ions .  

( 3 )  The s p e c t r a l  shape f o r  t he  buf fe t ing  pressures  i n i t i a l l y  could be assumed 
t o  be f l a t ,  i .e.,  white noise .  As the  " s t a t e  o f  the  a r t "  advances the  
s p e c t r a l  shape can be de'fined as a funct ion of Mach Number and geometry. 
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